intestinal chloride secretion is the production of nitric oxide (NO). It has been shown 170 in a colonocyte model that NO stimulates chloride secretion via elevation of 171 intracellular cGMP levels (Rolfe and Milla, 1999) . ETEC proliferation can activate 172 inducible nitric oxide synthase (iNOS) expression, which is an enzyme converting L-173 arginine to L-citrulline to produce NO and hence stimulate chloride secretion. In 174 addition a neuropeptide galanin (Hecht et al., 1999) , which is produced by the enteric 175 nervous system and modulates intestinal motility and prostaglandin (Eckmann et al., 176 1997), is known to increase chloride secretion and induce secretory diarrhoea. 177
The secondary response of the ETEC infection is increased paracellular 178 permeability either through actomyosin ring alteration or occludin dephosphorylation 179 and ZO-1 redistribution, which significantly decreases transepithelial electrical 180 resistance (TEER, a technique to measure paracellular permeability) of the small 181 intestine (Berkers et al., 2003) . The loosening of the tight junction due to ETEC 182 infection, therefore, further increases invasion of antigens, toxins and pathogens into 183 the circulatory system and can trigger inflammatory cascades (or immune system 184 activation) that results in the production of cytokines and chemokins (communication 185 molecules between immune cells and other body cells) and recruitment of 186 inflammatory cells (Berkers et al., 2003) . 187
The inflammatory response and subsequent production of cytokines and acute 188 phase proteins reduces protein deposition and growth in animals. For example,7 showed decreased daily gain (11%), feed intake (29%), body protein accretion (38%) 191 and increased FCR (20%) compared with pigs with low immune system activation, 192 between 6 and 27 kg body weight. Moreover, Breuille et al. (1994; 1998) although the gastric pH is increased immediately after feeding and decreases with 227 time. However, the acid producing ability of newly-weaned piglets is not complete 228 (Cranwell, 1995) and pH of the piglet stomach is highly variable between 2.2 to 4.2 229 (Wellock et al., 2008a) , which increase pathogen survival and transit to the small 230 intestine, as acidification of diet (Overland et al., 2008) pigs were euthanized on -1, 3 and 7 day post-infection. Colonic digesta collected 7 299 days post-infection showed that feeding a higher protein diet was associated with 300 higher prevalence of family Clostridiaceae and genus Clostridium, which are 301 predominantly proteolytic microbes, and reduced prevalence of the order Clostridiales, 302 particularly the family Lachnospiraceae and genus Roseburia, which are 303 predominately saccharolytic microbes, especially butyrate producers (Opapeju et al., 304 2009a ). Also, pigs fed a higher protein diet had a more dense and diverse microbial 305 population in the colon at day 7 post-infection. These data support the notion that 306 feeding a lower protein diet can alter the saccharolytic: proteolytic microbe ratio in 307 the GIT in a favourable direction for intestinal barrier functions. In the subsequent 308 measurement of fermentation by-products and ileal histology, it was demonstrated 309 that such microbial manipulation through feeding a low protein diet reduced colonic 310 ammonia production and better maintained intestinal integrity (villous height:crypt 311 depth) (Opapeju et al., 2009a) . 312 
314
We are not aware of any study conducted to date to elucidate whether 315 microbial and histological alterations due to the dietary protein levels affect 316 transcellular and paracellular permeability. However, pigs fed a higher protein diet 317 would have a higher risk of infection than pigs fed a lower protein diet because it is 318 evident that feeding a higher protein diet stimulates proteolytic microbes, such as E. 319 coli and C. perfringens, increases protein fermentation by-products, and reduces 320 intestinal integrity (Lin and Visek, 1991; Nousiainen, 1991). Also, and mounting rat 321 small intestine in an Ussing chamber, Go et al. (1995) found that the presence of 322 bacterial endotoxins (i.e., lipopolysaccharides) in the luminal content increased 323 proportion of rats with labelled E. coli permeability from 14% in control rats to 78% showed in an E. coli K88 infection study that incorporation of both coarse or finely 450 ground wheat bran (40g/kg) decreased the E. coli K88 population in the ileal digesta 451 and ileal mucosa, microbial density in the ileal digesta, and decreased production of 452 valaric acids, which is produced from proline fermentation and irritants for epithelium 453 like other BCFA. However, the effects were more profound in the pigs fed coarsely 454 prepared wheat bran (Figure 2 has been criticised as increased zinc excretion in the effluent system can cause 653 environmental pollution and some European countries have banned the use of high 654 levels of ZnO in diet for pigs. Recently, microencapsulated zinc oxide was released in 655 the market and the lipid-coated ZnO has been claimed to dramatically decrease 656 inclusion of ZnO from 2,500-3,000 ppm to 100 ppm to achieve the same effects on 657 PWC. A recently completed experiment used 21-day-old weaner pigs and fed either 658 control, control + 3,000 ppm ZnO or control + 100 ppm microencapsulated ZnO diet.
haemolytic ETEC (serotype O149:K91;K88) and the expression of PWC and plasma 661 and faecal zinc concentrations were measured. The results showed that inclusion of 662 100 ppm microencapsulated ZnO suppressed the expression of PWC in both ETEC-663 infected and non-infected pigs, and kept the plasma and faecal zinc levels to the levels 664 of that found in the pigs fed a control diet (Kim et al., unpublished data, Table 3 ). 665
Although further research is required to elucidate whether the use of low levels of 666 microencapsulated zinc affects intestinal barrier functions in vivo, the technology 667 could be pivotal to reduce expression of PWC by supplementing ZnO in the diets for 668 pigs without compromising environmental issues. 2 Proportion of total short chain fatty acids.
3Significance level: NS: Not significant, † P < 0.10, * P < 0.05, ** P < 0.01. Pigs in infection group experimentally were infected with β-haemolytic ETEC (serotype O149:K91;K88) on day 3 post-weaning by orally drenching 10 mL of ETEC (2 x 10 8 cfu/mL) solution.
2 Shield Zinc®, Zamira Life Science Ltd., Victoria, Australia.
3 Significance level: NS: Not significant, *** P < 0.001 4 Expressed as the mean percentage of days with diarrhea relative to the total 14 days post-weaning. 5 Mean days with therapeutic antibiotic injection to treat diarrhoea during 14 days post-weaning. 6 Measure at 14 days post-weaning. 
